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L E O P O L  D C E N T E  R FOR SUSTAINABLE AGRICULTURE 
The effects of organic versus chemical 
fertilizers on insect pathogens 
Abstract: Insects such as the black cutworm are a major pest of seedling corn in Corn Belt states. 
Both the nematode Steinernema carpocapsae and the fungus Beauveria bassiana are potential 
biological control agents of this pest Because their survivability depends on moisture and they are 
affected adversely by nitrogen compounds, this project studied the effects of various fertilizers (fresh 
cow manure, composted cow manure, and urea) on these insect-killing organisms. Results showed 
that S. carpocapsae is more active in soils with no fertilizer amendment or with composted manure 
than with fresh manure or chemical fertilizer; B. bassiana is adversely affected by fresh manure. 
Investigation of factors that may enhance dispersal (which in turn may be a determining factor in the 
success of biological control) found that dispersal of two species of insect-killing nematodes was 
increased in the presence of earthworms. 
Background applied with common agricultural methods 
Because biological control is a good alterna- such as spraying, drip irrigation, baits, and 
tive to chemical insecticides, this project in- injection. Several entomopathogenic nema­
vestigated factors that may influence the effi- todes, especially S. carpocapsae, can signifi­
cacy of two biological control agents (a fungus cantly reduce BCW populations. This nema-
and an insect-killing, or entomopathogenic, tode enters an insect via a natural orifice and 
nematode) against the black cutworm (BCW), releases bacteria that feed and multiply. The 
a major pest of seedling corn in Iowa and nematode reproduces and consumes the bacte­
elsewhere. Although tillage, crop rotation, ria, then exits the dead insect. 
and weed management provide some control, 
chemical insecticides continue to be the major Nitrogen compounds reduce nematode sur-
tactic used against BCW. vivability—because of toxicity, or by increas­
ing biotic activity that in turn increases preda-
There are many known biological control tion and parasitism on nematodes by microbes, 
agents of BCW: parasites, viruses, a proto- or by altering the physical environment of the 
zoan, two fungi, and a nematode, Steinernema soil. Yet there has been no research comparing 
carpocapsae. Beauveria bassiana (Bb), a the effects of different fertilizers on 
fungus, has been found to degrade the insect entomopathogenic nematodes such as S. 
cuticle by enzymatic action of its conidia (in- carpocapsae. 
fective units). While adequate moisture is 
required for conidia germination and survival, Because Steinernema species nematodes move 
too much moisture prevents infection. Urea very little from their application site, dispersal 
and other nitrogen compounds reduce the is also important to their biological control 
growth of Bb in nonsterile soils. effectiveness. Dispersal has been shown to 
increase in the presence of earthworms. Be-
Entomopathogenic nematodes offer microbial cause earthworms are not adversely affected 
control advantages such as wide host ranges, by entomopathogenic nematodes, it may be 
host-seeking ability, easy storage, and non- possible to increase the nematodes' effective-
toxicity to mammals. Two families of nema- ness by increasing earthworm populations. 
todes are unique in that they carry a symbiotic 
pathogenic bacterium, kill insects in 48 hours, Because both S. carpocapsae and Bb are in-
have a durable infective stage, and can be fective against BCW and adversely affected 
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Black cutworm is a 
major pest of seedling 
corn in Iowa and 
elsewhere. While 
several biological 
control agents are 
available, factors such 
as moisture and the 
presence of certain 
nitrogen compounds 
can compromise 
these agents' effec­
tiveness. 
by nitrogen compounds, the relative effects of 
different fertilizers on these pathogens need to 
be determined if they are to be considered as a 
viable pest management alternative in situa­
tions where fertilizers are applied (such as in 
corn). In addition, the limited dispersal of this 
nematode and Bb must also be overcome be­
fore they can be used effectively. 
The objectives of this research were to deter­
mine effects of 
(1) different fertilizers on the survival of S. 
carpocapsae, 
(2) different fertilizers	 on the ability of S. 
carpocapsae to suppress BCW, 
(3) earthworms on dispersal of Steinernema 
species, and 
(4) different fertilizers on the survival of 
Beauveria bassiana. 
Approach, methods, and findings 
(1) To determine the effects of different 
fertilizers on the survival of S. carpocapsae: 
Three types of experiments determined fertil­
izer effects on S. carpocapsae: (1)LC5O (deter­
mining lethal concentration for 50% of the 
nematode population), (2) laboratory, and (3) 
field experiments. Two rates of fresh cow 
manure, composted manure, and urea were 
applied at standardized rates of 250 and 500 lb/ 
acre using five replications and a control of 
unamended soil. 
For LC50 and laboratory experiments, fresh 
manure and composted manure were oven-
dried at about 100 °F. Manure and soil were 
analyzed for nutrients, soil texture, and or­
ganic matter content. The mortality of a wax 
moth that is a highly susceptible host of 
Steinernema species was used to measure viru­
lence of S. carpocapsae. Larval mortality was 
attributed to the nematode if the dead larvae 
exhibited a characteristic tan-brown colora­
tion. Nematodes were counted individually. 
Densities ranged from 0 to 105 nematodes (in 
increments of 15) in the 100-gram soil-fertil-
izer samples. Initial observations indicated 
that nematode virulence in the higher rate of 
fresh manure would probably be low relative 
to other treatments. For that reason, the eight 
nematode densities for this treatment ranged 
from 0 to 140 in increments of 20. Following 
addition of nematodes, 20 wax moths were 
placed in each petri dish and incubated for 
three days. 
Laboratory experiments in 1993 were con­
ducted in two soil types to determine the ef­
fects of fertilizers on S. carpocapsae viru­
lence. Again, 100-gram soil-fertilizer samples 
were placed in petri dishes, moisture was stan­
dardized at field capacity, and 200 nematodes 
were applied to the soil in each dish, which was 
then incubated prior to evaluation of nematode 
virulence. Mortality of the wax moth was 
evaluated weekly for three weeks, then bi­
weekly for another four weeks. 
Field experiments were conducted in 1992 and 
1993, again in randomized block designs with 
repeated measures. In each plot, seven poly vi­
nyl chloride pipes were placed 18 centimeters 
below the soil surface and filled with field soil. 
The same fertilizer treatment was applied to 
the soil in each of the seven pipes and mixed to 
a depth of 10 cm. Fertilizers were also mixed 
at similar rates into the soil surrounding the 
pipes. Nematodes were applied to soil ten 
days after corn planting, and virulence was 
evaluated at least weekly for seven weeks or 
until zero activity. Each time, one pipe was 
randomly selected from each plot and removed 
without disturbing the soil inside. Twenty 
wax moth larvae were added to the soil surface 
in each selected pipe, incubated, and then 
evaluated for mortality. 
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In the LC50 experiments, mortalities in soil 
amended with the higher rate of fresh manure 
indicated a rapid loss of nematode virulence. 
All other treatments had no effect on the viru­
lence of S. carpocapsae relative to the control. 
In laboratory experiments, rapid loss of nema­
tode virulence was also observed, again in 
fresh manure treatments relative to other treat­
ments. Mean larval mortality one day after 
inoculation was 2.5 and 13.0 in sand-soil mixes 
amended with high and low rates of fresh 
manure, respectively; these means differed 
significantly from each other and from the 
mean larval mortalities in all other treatments. 
In soil without sand, mean larval mortality one 
day after inoculation was 13.0 in the high-rate 
fresh manure treatment—significantly less than 
mortality in all other treatments, which ranged 
from 18.0 to 19.8. 
Chronic effects of fertilizers on S. carpocapsae 
in soils without sand added indicated signifi­
cantly decreased nematode virulence in urea 
and fresh manure treatments relative to spil 
with no amendment or soil amended with 
composted manure. Nematode virulence in 
the latter did not differ significantly from that 
in unamended soil. In 1992 field experiments, 
no significant differences were observed in 
nematode virulence averaged over the study 
period. In 1993, overall nematode virulence 
was significantly less in soil amended with 
fresh manure than in all other treatments. 
Overall, fresh cow manure and urea may re­
duce the virulence of S. carpocapsae. 
Composted manure is not harmful to this nema­
tode, and its virulence is generally more re­
duced in soil amended with fresh manure than 
with urea. The most interesting result was the 
greater and more rapid loss of nematode viru­
lence observed in soil amended with fresh 
manure relative to soil amended with urea. 
Under field conditions, only fresh manure 
reduced nematode virulence relative to soil 
with no amendment. The virulence loss in 
manured soil was probably too rapid to have 
been caused by increased predation; nor is it 
likely that direct toxicity from nitrogen com­
pounds caused differences in fertilizer effects. 
If it had, urea would have caused a greater loss 
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of virulence because its nitrogen compounds 
are more readily available. Decomposition of 
fresh manure may reduce virulence of nema­
todes and oxygen availability and/or release 
substances that are toxic to nematodes. 
This study indicated that the efficacy of 
entomopathogenic nematodes may also be re­
duced if they are applied at the same time as 
fresh manure or urea and that the influence of 
these fertilizers may be more pronounced in 
soil with reduced organic matter. 
(2) To determine effects of different fertil­
izers on the ability of S. carpocapsae to 
suppress BCW: The 32 experimental field 
plots were planted with corn; the six fertilizer 
treatments were two rates of fresh cow ma­
nure, composted manure, and urea. Total 
nitrogen in the two fertilizer rates was 250 and 
500 lb/acre. One control received nematodes 
but no fertilizer; the other received neither 
fertilizer nor nematodes. One day before plant­
ing, fertilizers were applied to plots and mixed 
to a depth of 6 cm. 
When corn reached first leaf stage, nematodes 
and BCW were added to the plots. Approxi­
mately 1,350 nematodes were applied (in the 
rows) 5 cm from where each seed had been 
planted (regardless of seedling emergence). 
To prevent cutworm escape, seedling beds 
were surrounded by aluminum barriers. 
In 1993, except in plots with high rates of fresh 
manure, BCW damage (cutting) was signifi­
cantly greater in plots without nematodes. 
Nematode suppression of cutworm was not 
greatly affected by fertilizer application ex­
cept in soil amended with the higher rate of 
fresh manure. An average of 52 and 41 percent 
of corn plants, respectively, were cut in plots 
without nematodes and in plots with the higher 
rate of fresh manure. Average cut plants in 
other nematode treatments ranged from 0 (no­
fertilizer plots) to 14 percent (in high-urea 
plots). In 1994, no significant differences 
were found between treatments. Average per­
cent cut plants ranged from 18 in both the high 
rate of urea and the control to zero in the low 
rate of urea. 
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Although S. carpocapsae's virulence against 
BCW has been high, field results were incon­
sistent. Data in 1993 indicated that unless 
nematodes were applied in soil amended with 
a high rate of manure, BCW damage was 
significantly reduced with the application of S. 
carpocapsae. Lack of significant differences 
in treatment effects in 1994 may have been due 
to a low level of cutting in all plots. If the rates 
at which nematodes are applied are too high, 
infectivity may be reduced due to clumping of 
nematodes and decreased host seeking. 
The economic level of crop injury ultimately 
determines the efficacy of pest control appli­
cations. For BCW, the recommended level is 
five percent cut plants. This research indicates 
that S. carpocapsae can suppress BCW below 
this level, and that fertilizers applied at low to 
moderate rates do not hinder nematode effi­
cacy. 
(3) To determine effects of earthworms on 
dispersal of Steinernema species: Because 
host-finding is necessary for successful bio­
logical control via nematodes, and increased 
dispersal will improve host-finding abilities, it 
is important to determine if increased earth­
worm population densities will provide ben­
efits to biological control of insects with nema­
todes. Additionally, earthworms provide ben­
efits to soil quality through aeration and by 
breaking down and distributing organic mat­
ter. 
Vertical soil columns were used to determine 
the effects of earthworm presence on upward 
and downward dispersal of three nematode 
species (including S. carpocapsae). Six treat­
ments (three nematode species with and with­
out earthworms) were each applied to eight 
soil columns for upward movement and eight 
for downward. Two earthworms per column 
were allowed to burrow for one week prior to 
nematode application. Ten thousand nema­
todes of each species were applied to the 
bottoms and tops of columns to test, respec­
tively, for upward and downward movement. 
After 14 days incubation, columns were dis­
mantled to evaluate nematode dispersal, half 
by a bioassay against wax moth larvae and half 
by direct extraction and enumeration. Nema­
tode movement was based on the number of 
nematodes reaching the half of their column 
opposite from where they had been placed. 
Dispersal was compared across the three spe­
cies. 
An additional experiment using S. carpocapsae 
consisted of three treatments—columns with 
earthworms, columns with burrows only (earth­
worms removed), and columns with no earth­
worms or burrows—to determine if nematode 
dispersal was greater in earthworm burrows 
than in soil without burrows. Treatments were 
replicated five times. Two earthworms were 
added to ten columns and allowed to burrow 
for one week after which five columns were 
dismantled. Earthworms were manually re­
moved from the dismantled columns, which 
were then reconstructed with the earthworm 
burrows realigned. Nematodes were then added 
and incubated, and dispersal was estimated 
and analyzed. Again, bioassays indicated 
greater upward dispersal for two of the three 
nematode species in columns with earthworms. 
Results from the direct extraction method 
evaluating upward nematode dispersal fol­
lowed the same trends, but differences be­
tween earthworm presence and earthworm 
absence were not significant. 
In summary, upward dispersal of S. 
carpocapsae was enhanced by the presence of 
earthworms; downward dispersal was not. 
These findings did not entirely agree with 
previous results, nor are the causes of dispersal 
effects by earthworms known. S. carpocapsae 
has a natural tendency to disperse upward. 
Because nematode dispersal in soil with earth­
worm burrows did not differ significantly from 
that in soil without burrows, earthworms prob­
ably influenced dispersal of nematodes through 
direct contact. Nematodes might be carried by 
the earthworms. 
(4) To determine effects of fertilizers on 
Beauveria bassiana: Bb persists in soil for 
long periods, but the persistence of its conidia 
may be reduced by various abiotic factors such 
as nitrogenous compounds. To determine the 
effects of nitrogen fertilizers on Bb persis­
tence in soil, this part of the study investigated 
fresh cow manure, composted manure, and 
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urea. Two rates of each fertilizer, standardized 
to approximately 500 lb/acre and 250 lb/acre 
and a control (unamended soil) were applied 
and replicated five times. Fresh manure and 
composted manure were oven dried at ap­
proximately 100 °F. Soil-fertilizer mixtures 
were prepared and Bb added. Bb survival was 
determined, and the number of conidia-form-
ing units were counted. 
Soil containing fresh manure was detrimental 
to Bb; high rates of composted manure were 
beneficial. Urea had no significant effect, 
suggesting that certain factors in manure that 
reduce survival of Bb are lost during decom­
position. The increase in conidia-forming 
units in soil that had been amended with 
composted manure may have been due to Bb's 
ability to exist on decaying organic matter. In 
general, the effects of fertilizers on Bb were in 
agreement with the effects of fertilizers on 
nematodes, although greater variation was 
observed. 
Implications 
Although entomopathogenic nematodes have 
great potential as biological control agents, 
their success has been limited by lack of pre­
dictability. Because fresh manure and urea 
decreased nematode virulence, caution should 
be used when nematodes are applied to soil 
that has recently been fertilized with these. 
Future research may determine a level at which 
fertilizers are not harmful to nematodes and 
whether other fertilizers are deleterious to these 
nematodes. Additional research is also needed 
to determine how the fertilizers reduced viru­
lence in the nematodes. 
Dispersal of S. carpocapsae increased in the 
presence of earthworms; enhanced dispersal 
may increase the efficacy of biological control 
applications. The relationship between nema­
todes and earthworms in the soil also merits 
additional research. 
BCW damage may also be evaluated to deter­
mine the extent to which environmental fac­
ity of S. carpocapsae 
to control BCW. Simi­
larly, evaluation of cutworm damage may be 
used to measure the influence of other factors 
(e.g., varying earthworm population, soil tex­
ture, moisture) on biological control by nema­
todes. 
This research suggests that increased earth­
worm populations and reduced fertilizer inputs 
may improve the probability of successful bio­
logical control by these nematodes. These 
nematodes can be applied via various methods 
(broadcast, spray, injection). The outlook for 
eventual widespread use of insect-killing nema­
todes is good. Those in the genus Steinernema 
possess many promising attributes: wide host 
ranges, host-seeking ability, ability to kill the 
host rapidly, and environmental safety. Barri­
ers to their application may involve a lack of 
desiccation tolerance (in use against foliage 
pests), but may be surmounted through species 
and strain selection and genetic improvement. 
Thus far such use of nematodes has been lim­
ited. As with any pest management decision, 
environmental as well as financial costs must 
be considered before a chemical insecticide is 
chosen over a biological control agent. 
This research was a cooperative effort between 
the USDA-ARS and the ISU departments of 
agronomy, entomology, agricultural and 
biosystems engineering, and plant pathology. 
tors deter or enhance 
nematode efficacy. 
Analysis of the per­
centage of affected 
plants is a non labor-
intensive method that 
also provides an indi­
cation of crop injury 
levels on which man­
agement decisions can 
be based. This method-
has indicated that high 
rates of fresh cow ma­
nure decrease the abil-
Some research 
suggests that earth­
worms may help 
disperse this insect-
killing nematode (S. 
carpocapsae) through 
the soil. 
For more information 
contact L. C. Lewis, 
USDA/ARS Corn 
Insects Research Unit, 
Ames, Iowa, 50011; 
(515)294-9343. 
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